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T INTRODUCTION 


This program for "Advanced Czochralski Growth Process to Produce Low-Cost 
150 kg Silicon Ingots from a Single Crucible for Technology Readiness" has 
several goals: 

A. Provide a modified CG2000 crystal grower capable of pulling a minimum of five 
crystals, each of approximately 30 kg in weight, 150 mm in diameter from a 
single crucible with periodic melt-replenishment. 

B. Crystals to have: resistivity of 1 to 3 ohm-cra, p-type ; dislocation density 

k 2 

below 10 per cm ; orientation (100); after growth yield of greater than 90%. 

C. Growth throughput of greater than 2.5 kg per hour of machine operation using 
a radiation shield. 

D. Prototype equipment suitable for use as a production facility. 

E. The overall cost goal is $.70 (1980 $) per peak watt by 1986. 

To accomplish these goals, the modified CG2000 grower and development program 
includes : 

A. Increased automation with a microprocessor based control system which 
reduces operator attention and avoids operator errors. 

B. Sensors development which, during the program, will increase the capa- 
bility of the automatic controls system. 

C. Process development which will: define the process control variables 

for accelerated growth rate using a radiation shield; analyze variations 
in the effects of silicon feed material and meltback rate of greater 
than 25 kg per hour; analyze the effects of these changes on the economic 
model; investigate and evaluate the effects of process variations on the 
"quality" of silicon produced by performing purity analysis of the sili- 
con, solar cell fabrication/analysis, and furnace atmosphere analysis. 

D. Provide technology transfer of the developed systems. 
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To accomplish these goals, the program has been divided into five general 
categories : 

A. Construction and Test - to provide a modified CG2000 grower for process 
development ;md sensor/automated controls Integration. 

B. Process Development - for accelerated growth, accelerated recharge and 
yield/cost improvement. 

C. Controls and Automation - for sensor development and microprocessor 
control Integration to the Mod CG2000. 

D. Analytical Study - for purity analyses and solar cell fabrication. 

E. Documentation - for reporting, economic analysis, and process specifica- 


tion. 


II SL1MMARY 


Process development continued with redirection from a Technical Direction 
Memorandum. The emphasis for these last months of the contract will include 
continued investigation of (1) throughput rate using a cone-shaped radiation/ 
purge shield and (2) crucible-melt interaction with the Furnace Gas Analysis 
System. Availability of crucibles with minimum "bubble" content and/or synthetic 
quartz will also be Investigated. 

Six growth runs used the Kayex-Hamco Automatic Grower Logic (AGILE) computer 
based system for growth from larger melts in the Mod CG2000. Also, the implementa- 
tion of the melt pyrometer sensor allowed for dip-temperature ..onitorlng and usage 
by the operator /AGILE system. Use of the AGILE during recharge operations was 
successfully evaluated. The tendency of crystals to lose cylindrical shape 
(spiraling) still continues to be a problem. 

The hygrometer was added to the Furnace Gas Analysis System and used on 
several growth runs. The gas chromatograph, including the integrator, was also 
used for more accurate carbon monoxide concentration measurements. Efforts 
continued for completing the automation of the total Gas Analysis System. The 
oxygen analyzer was added in late December, but preliminary tests indicate it 
will not measure properly at the reduced pressure of the crystal grower atmo- 
sphere. 

An economic analysis, based on revised achieveable straight growth rate, 
is presented. The throughput is 1.92 kg/hour. When achieved, the program goal 
of 2.5 kg /hour will result in an additional 15.3% reduction in CZ add-on cost. 
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III PROGRESS 

A. Construction and Test 

The Mod CG2000 was completed In March, 1981. When necessary, modifi- 
cations to the grower are reported In other sections of the report. 

3. Process Developr.isnt 
Preface; 

As a result of the Final Design and Progress Review, along with a 
Technical Direction Memorandum received In September, 1981, Increased 
emphasis will be placed on two areas for the remainder of the contract: 

a. The throughput rate will be addressed with a heat shield (cone) 
for both melt recharge and crystal growth rates. 

b. Crucible-melt interaction will continue to be monitored by the 
Furnace Gas Analyzer System reported in Section D. Because of 
concern for size, migration, and quantity of bubbles In the fused 
quartz, availability of crucibles will be Investigated using syn- 
thetic quartz and also for crucibles with "minimim" bubble size 
and numbers. 

1. Accelerated Growth 

The method chosen for Increasing crystal growth and recharge rates 
is the use of a radiation shield /purge cone. The materials considered 
for cone fabrication were molybdenum, graphite, and pyrolytic coated 
graphite. Since the purge cone will be used in conjunction with the 
recharge hopper, it was decided to proceed with a molybdenum cone. The 
possible bumping of the silicon chunks on the cone might cause some 
particles of graphite from other type cones to fall into the silicon 
melt. Purchase orders were pl'^ced for both the molybdenum sheet (.060" 
thickness) and graphite supports. The molybdenum cone and support assem- 
blies are expected to be available in January, 1982. 
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2. Crucible Itelt Interaction: 

A prime suspect for the cause of persistent structure loss during 
multi-crystal runs is crucible deterioration. Although the exact mecha- 
nism is uiiknovm, some sort of a picture has emerged from technical dis- 
cussion with those Involved with crucible manufacture. There Is evidence 
that the typical "rosette" pattern on the inner crucible wall* where It 
has been in contact with molten silicon, is composed of an Island of 
cristobalite surrounded by a ring of S 10 ^ 2 _jj) ■ rosettes grow and 

coalesce as time and the extent of crucible dissolution proceed. The 
problem in a multi-crystal run occurs when the molten silicon has dissolved 
away the inner glassy surface of the crucible (after, say, 40 hours) and 
starts to expose bubbles. The bursting of bubbles at the melt/crucible 
interface might then release cristobalite particles into the melt, 
leading directly to crystal structure loss. 

To test this theory, it is necessary to obtain some crucibles with 
zero, or at least greatly reduced, bubble content. Several possibilities 
exist : 

a) Synthetic qi.iartz - high purity, bubble-free material Is currently 
produced in tube form by Thermal American ("Spectrosll") and 
Heraeus-Amersil ("Supersil") . Size and cost are the most likely 
limiting factors with this material. 

b) Clear fused quartz - crucibles would be produced from tube starting 
stock. 

c) Slip'cast silica - crucibles currently produced by Pyromatlcs are 
sintered and fired after slip-casting and this technique produces 
a transparent, low-bubble content crucible, 

d) Synthetic quartz lining - it might be possible to put a synthetic 
quartz lining intc a standard arc-fused crucible. 
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e) "Re-glazed" crucible - an extra fusing step Is utillMl to produce 
a thicker glassy layer on the Inner crucible surface. 

Crucible manufacturers (l.e. QSI» Thermal American, Heraeus-Amereil) 
have been asked to quote on crucibles In the size range 12" - 16" dlasMter 
fabricated from this above list of possible materials. The results of 
these Inquiries will be reported as soon as these poteitlal vendors respond. 

3. Process Runs 

During November, Run 14A (a duplicate run number lA was entered in 
the log by error and has been changed to 14A) was made for continued 
testing and training with the Kayex-Hamco Automatic Grower Logic Control 
System. This run was originally scheduled to produce a 30 kg cr>sbal from 
a 40 kg melt, and. If successful, l.e. zero-D or single, to proceed with 
recharging and growth of subsequent crystals until retention of structure 
was no longer possible. For this run, the latest additions to the gas 
analyzer system were also to be tested (see section II-D). 

During the meltdown sequence, at about the tln« that molten silicon 
was first observed in the bottom of the crucible, it was apparent that 
one crucible support segment was skewed relative to the crucible and almost 
touching the upper heat shield ring. Although the situation was awkward. It 
was decided to complete the meltdown and try to grow a crystal rather 
than abort a 40 kg charge. However, by the end of meltdown, the situation 
had worsened with two crucible support segments pushed out and touching 
the top ring. It was obvious at this stage that two crucible support seg- 
ments had cracked, and that vibration caused by these segments rubbing 
against the top ring would make crystal growth difficult. Vibration was 
reduced by adjusting crucible rotation rate and crystal growth was 
Initiated after seed dip. However, crucible distortion had occurr^, 
i^rc the supports had pushed out, and, conseq\iently , a thermal stability 


(MQMM. PACK tt 
or POOR QUAUTY 

probiMi aroM which lad to wall-fraaaa. 

Tha rim waa continttad in mi to cacowar aa meli aiUcM m 

poaalbl#. Tha raaultlag crystal was f^roxlaataly 15 1^ lA wal|^, with 
dlMMtar greater than 6 in.» ^own wder Mmual ccmtrol mad not wdmatle 
dimMter control (AOG). Because of tha continuing problma of mll-freaae* 
tlm growth was very slow, but it did allow plenty of tine to operime tha 
gas analyzer and, thus, aonltor the grower atnoephere. 

During tlm renalnder of the quarter (Deceaber), five crystal geomh 
rims ifere amie. The aaln objectives of these runs were to detemlne the 
effect of Bone hot zone chmiges on the continuing problw of spiralli^, 
and to nore closely evaluate the Interface betiman nicroprocaasor control 
and growth fron large melts. 

In preparation for rtm No. 15, the crucible shaft was removed and 
machined to clean up the top area wlmre it had overheated and reactmi with 
the graphite. After clean up, the shaft was re-install^ and fitted with a 
new pedestal. The graphite insert for the beat pack was relocated to rest 
on the heat pack itself, effectively lowering the top rli^ assm^ly by 
1/2". Run No. 15 was made without coiqiuter control. 

This rim produced 16.3 kg of crystal, of which approximately 11 
were zero-D. The growth wes terminated prematurely because of a control 
problem in the diameter controller, causing wide pull rate fluctuatinns. 
The result was a crystal distortion which resesd>led an exaggeratml version 
of the spiral growth already evident in the first 10-1/2" of growth. See 
Table I for furtiwr run data. 

The problms with tlm dlsmeter controller was circusvented for rim 
No. 16 by utilizing the microprocessor systmi and its implicit control 
logic. During meltdown, it was found necessary to interrupt tha computer 
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in ordar to alter crucible poeition end heater power to aelt off ellieoa 
chimke adhering to the crucible wall. After atablllaatlon and dip* a neck 
ai^ crown were grown succeeefull^r et the firet attewpt. However* the eirawn 
wee grown quite quickly and the microprocessor recipe could not tttfn tlw 
shoul ler fast * nough. C!oits^qiient Iv, thr crysta} diameter drifted cat to 
approximately b.5" befoco straightening tq>. Structure Inss occurred after 
2" of body growth and spiral growth was evident at 4". Tltls vm was ter- 
minated at an Ingot weight of 19 kg (Table 1) due to wall-freeze. 

Run No. 17 was attempted tmder similar conditions to the previous rtm. 
The main differences were changes made to the computer recipe for the power 
levels during meltdown, and for the shoulder turning seqtience during crystal 
growth. The result was a successful neck, crown, and shoulder* and a zero-D 
crystal grown at 5.98-6.0 inches diameter with an average pull speed of 
3.08 in/hr (Table I). As in the preceding run, however, tl^ wan.-frci;ze 
problem was encountered and the run was stopped. 

In order to Increase the radial thermal gradient and thus reduce the 
tendency to wall-freeze, the nwlt level for run No. 18 was raised by 1/2”. 
This change was successful in avoiding wall-freeze, but Ktructure loss 
occurred after 6” of crystal growth. Ttiere was still a slight spiral 
appearance to the resulting crystal. Refinements to the c<»^>uter recipe 
continued to be made. 

At the end of run No. 17, it had been found after measurement that 
the heater was slightly distorted and not concentric about the crucible. 

The concentricity was improved in preparation for run No, 19 to see whether 
there would be any beneficial effect in regards to spiral growth. 

Run No. 19 was initiated with a 20 kg charge, but it was planned to 
hot-fill a further 5 kg using the recharge apparatus. The object of this 
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fixerclM ims to m« tww •iMcoosfuIly tht CMiputot prograa co«14 te ixMe^ 
n^tod to occ oMwdot o « rochArc* opotAtioa. In fAct» tburo was ao ^c^Iab 
making manual Adjuataenta to pomar for tha bot-fill aaqm a nca md iMmr 
ratumijis to cemputar control* but tba total aaltdoim tiaa Ma a 
3.6 houra. 

Aftar dipping tha aaad* a saro-D cryatal waa groim at tha ftrat Mt«pt 
with no problwa during tha atouldaring atap. Structura loaa Mcurrad iJtar 
10.4 kg ^owth and final i^t waight waa approximatalp 20 kg (T^la 1). 

There was apparently no difference in the degree of spiral avidnt on tha 
crystal. 

Plans for next quarter Include the following: 

a) Two more growth runs will be miule in 15” crucibles with chai^ 
wei{dits of up to 40 kg. 

b) The hot tone will be clumged to 16” sise rad run with tha molybdenum 
radiation shield/purge cone. 

C. Controls & Mitomation 

1. ttod 2000 Controls 

The Kaycx-Hraco Automatic Grower Logic (AGILE) computer'-baaed control 
system has been operational since August. It was used during tha quarter for 
process de^lopamnt runs as reported In Section B. 

2. Sensor Development 
a. General 

The development and test program conducted on tha standard CG2000 WC 
grower has been concluded. The Implementation of the shoulder and diameter 
sensors was discussed in the June* 1981 QxMrterly Progress Import. 

Activities this quarter centered on the Implementation and testing 
of the melt pyrometer on the Mod CG2000 grower and the completion and 
bench testing of tiM melt level sensor electronics. 
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b* MeK Teapcrature Sensor 

T!m aelt toq>erature sensor i^lewntstiUm was chained to ^iprow 
the accuracy and reproducibility as described in the Septaber^ 1981 
Quarterly Progress Report. The periscope that allows tbs pynaeter to 
view the aelt at 90* is illustrated in Figure 1. The pe.'iscope assad»ly 
replaces tl» spacer section bet%«een the Hod 2000 pull ch^ad^r msi tt« 
cable lift aechanlsa. The optical pyroiteter mounts on the flange (item 1) 
and views infra red radiation from the melt reflected by the gold-coated 
front-surface mirror (item 2). Pyrometer optics were specified to give 
a 0.5 inch diameter field of view at the i^lt surface. 

The output of the pyr<»ieter electronics module is a linear signal 
proportional to melt teiq»erature. This signal is filtered to minimize 
the effects of variations in the nelt surface temperature. Melt temperature 
stabilization Is achieved by means of the control arrangement Illustrated 
in Figure 2. The filtered output of the melt pyroi^ter is the input to 
a FID Dip Temperature Controller whose set point is the desired melt 
temperature. The output of the Dip Temperatiire Controller modifies the 
set point of the FID Heater Controller. This arrangement results in 
the automatic determination of the proper omit temperature for seed dip. 
c. Melt Level Sensor 

The melt level sensing technique being Implemented is based on the 
system described by C.S. Duncan, et. al. in the March, 1981 Quarterly 
Report for DOE/JPL Contract 954654. The principle of operation is Illustra- 
ted in Figure 3. 

The output of the He-Ne laser enters the grower through a port and 
Is reflected off the surface of the silicon o^lt to a second port. The 
receiver lens mounted just ouslde this port serves to reconverge the 
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laser li^t that has been scattered by aeblent disttirb«Kes <m, tbs ■elA 
surface. An interference filter is used to elixiaate li^te tcm tt 

narrow band center^ on the laser m^Iength. A linear, 
sensirive detector located at the focus of the receiver lens fener^as 
outputs iHiich are processed by the electronics to give a propor- 

tional to the position of the spot on the detector being lllmdatted bf 
the reflected laser li^t. A chan^ in nelt level results in a position 
change of the illiOBinated spot. The change in the oitfput signal will l« 
used as a servo input to drive the crucible tei^t to naintain nelt 
level constant. 

The electronics have been asseid}led and tte systoi has been b«ich 
tested. These tests Indicate sensitivity to nelt level elmiigeft of less 
than 0.5 an. The detector is a Model LSC 30-D aanufactured by Ihtited 
Detector Technology of Culver City. California. The difference of the 
detector's output signals Is proportional to tte product of the iUunina- 
tion intensity and Its position along the detector axis. The sui of the 
output signals is proportional to intensity only. The circuit illustrated 
Includes a divider whose output is then positioned independent of inten- 
sity. This output is buffered and filtered to gi^ the final nelt level 
output . 

Designs for aechanlcal mounts for the laser and other components are 
complete and are being fabricated. The system will be mounted on the 
hod CG2000 for tests with a silicon melt during the next quarter. 

D. Analytical Study 

One of the goals of this task is to use a Furnace Gas Analysis System to 
monlto<: furnace atmosphere during process development. The system includes a 
gas chromatograph with integrator and automatic sampling system for carbon 
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■Dm>xldtt (GO) possibly othsr gases. It also ti^Iudes a sad 

oxygen analynr for water and oxygen concentration w^surttemts. 

During this quarter* tl» Integrator for the gas chroMtogr^i* the hygro- 
^ter, and the oxygen analyser were released f roe hold status. 

The H.P. 3390 Reporting Integrator was received the se^nd week in 
October* interfaced with the G.C.. and prelieinary testing perforasd. 

No crystal growth runs on the Mod GG2000 were eade in October and tl^ 
Reporting Integrator coupled irith the G.C. were lued durii^ a bidceout on 
Oct«^r 27. TWO peaks %fere Imlicated during this bakeout: one at 35 seconds 
retention tine (R.T.)» tl» second at approxiaately 2 minutes and 30 secot^s 
retention time. A CO calibration gas ample had a peak at an R.T. similar to 
the second peak of the furnace sample. The 35 second R.T. peak corresponds to 
peaks seen on earlier bakeout and growth runs and is due to a light gas* pos- 
sibly hydrogen. The gas will be verified later. 

On 11/3/81* the Panametrics Hygrometer was installed into the Fiunoace Gas 
Analysis System and tested using argon flmr through a cold crystal grower 
(Mod CG2(KX)). The hygrmeter and sensor appeared to be operating correctly* 
as evidenced by a decrease in the dew point of the sampled gas %rfaen the sampling 
valve to the grower (argon atmosphere) vas opened. Conversely, when the sampling 
valve to the grower was closed* the dew point (moisture level) of the sampled 
gas increased. This would be consistent with the argon having a lower dew point 
than the residual gas in the lines from the sampling valve to the sensor 
housing. 

On 11/6/81* a test was performed to compare peak characteristics of the 
integrator charts with ttxjse peaks produced on the two pen chart recorder. The 
cosq>arison was performed using a calibration gas with 2390 ppm of carbon 
monoxide (CO) in argon. The effects of simultaneous operation of the Integrator 
and the chart recorder were also investigated at this time. 
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The resttlts tedicate that alwiltaneous operaticm of tht l.P. lat^rttor 
and the two pea recorder do not create electrical lnterfer«ioe pr<^la«e 
adversely affect the peak heists and corre^oadii^ areas taader the e^rvea. 

For exaaple, an Increi^ of 0.2 torr frtm 7.8 torr to 8.0 terr res^ked iA a 
peak hei^t variation of 14Z on t)» two pen ie^r<ter. ConpuriacHUi of arM eha^M* 
as indicated by the Integrator when the vacuim levels of the saeplii^ mfmtmm 
vary, have m>t been att»q>ted as yet. &>wever, it was observed in this teat 
that the areas un^r the curves varied by 0.8Z to 0.9Z tdien calibraticm gas 
sanples %iere repeatedly run. Since this is a highly sensitive GC, it is ex- 
pected the large percentage deviations in area convert to relatively saall 
concentration deviations In parts per nlllion. 

A change in the eqiillibratlon time before sample injection vas increased 
to one minute during this test without affecting tlse peak height (no external 
leaks). 

Retention times of the carbon monoxide peaks during this test were from 

2.45 minutes to 2.48 minutes as recorded by the integrator printout. Each 

« 

sample and corresponding analysis was performed manually. 

The procedure is as follows: 

1. Purge rotary valve in load (backflush) position with calibration gas 

r 

for one minute. 

2. Close valve to G.C. calibration gas supply and allow sample In sample 
loop to equilibrate to the system vacwn (7.6 torr). Normal time - 

30 seconds I 

3. Manually Inject gas in sample column thru G.C. coluams by switching tt» 
rotary valve position ^lsing the Digital Valve Interface (DVl) manual 
switch. 

NOTE: The DVI can be activated electrically by using a timer system or 
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a prograsnMble control vlwn either is tti ^rt of 

the system. 

Due to the equilibration tine (usually 30 seconds)* tlw actual retm;lbn 
tMoe following Injection of the si^le was actually one ainbte a'ul fifty soeen 
seconds to one minute and fifty nine seconds. TIm equilibriisi time miwt be 
subtracted from the recorded retention times. 

HOTE: Retention times also vary as a function of the flow rate of the 

carrier gas. Therefore* tte carrier gas flow rate must be maintained 
constant . 

Based on the results of this test, it appears there will be ik> probl^ 
operating the integrator in conjunction with the two pen recorder for recording 
the outputs from the hygrometer and oxygen analyzer. 

On November 19, tie first crystal growth run (Run No. 14A', using the 
integrator to record sample peaks analyzed by the G.C. was performed. The 
hygrometer was also used to monitor moisture levels (dew points) continuously 
through the run. 

All G.C. and Integrator operations were performed manually. Random samples 
were taken from the crystal grower during meltdown, stabilization and portions 
of the crystal growth cycle. The G.C. outputs were recorded both on the inte- 
grator chart and the two pen recorder and corresponded well. 

The results of this growth run are as follows: 

1) Three calibration sample runs were perforrod initially to establish a 
reference peak area. 

Average area ■ 1.52 x 10^ for CO concentration staxalard of 2390 ppm. 
These calibration runs were made with the hygrometer line open to the 
grower and the furnace power on. 

2) The hygrometer was started before the furnace power was turned on while 
the grower was being purged with argon at 20 tore. The moisture content 
of the gases being sampled decreased until the power was turned on, then 


r iwlnad fairly imtU thm poMr laval wtm imeamtmii is M W* 

!/h«a tba pomr Icvsl ms incrua^ to 61, .te aoiatta^ Ip^ MMTioi 
to increaao algpiflcaiUily. Tha rata of riaa sc cha dav i^olap of ttp 
gasaa fr<m t}» fumaca Incraa^^ furthar ateo tlia t'OVMr layal raiMi 
to 100 lOf. Tha daw point iDcraaaa laatad for ^proaiaKaly tiiirQ 
ainutas following tba ^nmr lm:raaaa, wtoara it Itvalad off mA atprtad 
a slow gradual daclisa. This declina in daw point lavala ^ntloui^ 
throughout the r«uiiiuler of the growth run. 

3) When tlw first furnace saa^la was analy:^ by tha G«C.» forty ainntas 
after tlw furnace power was turned on, and 18 aimn^es after tha iOO 
power was set, a sharp peak at 0.34 ainutes was obsarvad al<Hig with tha 
characteristic CO peak at a 2.60 ainute retention tiaa. The first paidc 
area continued to increase during tl^ aeltdown for ^proxlaataly one 
hour until a bridge of silicon chunk fell into the aelt. 

4) Prior to the bridge dropping (9:54 AM), the CO peak started increasing 
sometiae between 9:22 AM and 9:34 AM. The CO concentration had increased 
froB a low of 500 ppm at 9:09 AM to 3770 ppa at 9:34 AM. The CO concen- 
tration increase seeas to correspond to ttw start of silicon aelting 
during the aeltdown. The CO concentration continued to increase to a 
aaxlaua of over 5800 ppm during the aeltdown (9:59 AM). The CO concen- 
tration remained in the 5000 ppa range for at least 30 ainutes during 
the aeltdown until near the end wten the power level was decreased. 

5) As the CO concentration increased during the aeltdown, the first peak 
chat had been so high In the initial stages of the aeltdown was de- 
creasing. Finally, when the power level was decreased i»ar the end of 
the aeltdown, this first peak was nearly gone. The first peak continued 
to decrease to a barely noticeable level during the reaalnder of the nm. 

6) The noraal CO levels during the Initial stages of tlw crystal growth 
were In the 2000 ppa to 2500 ppa range and continued to decrease during 
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th« rtffl. Tb« iMt analysftd wm «t 1:38 Ml thm matnS^ mi tte 

20th and Indicatad n O) concaatratlon of fOQ to 8^ pjgm, M thin 

S«» 

time, approximately 10 kg of crystal had been groim ani the crucible 
had traveled up 2.7 Inches in tlM heater. 

Previous to the run on the 19th, it was leamMl that the I.P. Sategrator 
and Event Control Module could not be interfaced to autcmate the e«C. system 
%d.thout the addition of an accessory kit . This was ordered on the 12th of 
November. 

The subminlature, vacuum-tight soletusld valve needed to aatf^ate the 6.C. 
had not been received and a different valve was purchased from Hughes Industrial 
Products Co. 

In order to identify the first peak, it was decided to oxder a tvew cali- 
bration gas standard made up of hydrogen, carbon monoxide and argon. This was 
done on the 2nd of Decend>er. 

During the iwnth of December, five crystal growth rims were performed with 
each run being monitored by the gas analyzer* In each case, the hygroiMter was 
run on a continuous basis (recorded on the two pen recorder) and the G.C. was 
run on a manual basis, injecting sasqiles samples randomly throughout tlm run 
and analyzing the G.C. output on the H.P. Integrator. The first three crystal 
growth runs. No.'s 15, 16, and 17, recorded G.C. output on the second pen of 
the two pen recorder in addition to the H.P. Integrator. 

Analysis cycle time data was acciaulated with the Integrator. A cycle time 
of seven to eight minutes was normal for a carrier gas flow rate of 24 cc to 
25 cc/minute (regulated* tank pressure Awl3 psi). 

During all of these crystal growth runs, the same pattern of CO concentration 
levels was evident. 

a) Little or no CO detected during the initial stages of the Mltdomi as 
the silicon and hot zone parts are heating up. 
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b) A rapid increase in the CO concentration when the siUeon mtmttm to Mlt* 

c) Continued increase in 00 concentration as nore eilictm aelte and the 
furnace teaperature rises. 

d) Maxlaum CO concentrswlonu at the end of the ueltdown If hisitut iif 

not decreased well before the completion of meltdo'm. 

e) Unusually high concentrations of GO if the ii»lt is svq;»er Iwated following 
meltdown. 

f) Gradual decrease in (X) concentrations as the i»slt teaperature cools to 
seed dip t^peratures following meltdown. 

g) Continued decreases in GO concentrations as the crucible is raised to 
the start height for crystal growth. 

h) Slow gradual decreases in CO concentration as the crucible is slowly 
raised out of the hot zone during crystal growth. 

1) CO concentrations sensitive to furnace temperature changes (power changes) 
during any stage of tt» growth cycle. 

A pattern also developed for the as yet imidentifled first peak detect^ 
by the G.C. : 

a) Rapid Increase in the concentration of this substance in tt» beginxiing 
stages of the meltdown when the power is Increased to the normal maximal 
during meltdown. This peak Increases to a maximum about thirty minutes 
into the meltdown and then slowly decreases. It continues to decrease 

as the CO concentration starts Increasing dramatcially when the silicon 
starts to melt. 

b) The first peak concentratlo.i (approximately 21 seconds after sample 
injections) decreases throughout the remainder of the crystal growth run 
following its maximum levels in the early stages of the meltdown. 

c) Significant changes in temperature (power levels) during the run do seem 
to affect the concentration of this substance; increased power levels - 
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concentration up; decreased potter levels * concentration down. This 
characteristic is much more evident in the early stages of the crystal 
growth run than the later stages. 

It is interesting to note that, at the same time tlw first peidc concentration 
lb iTicveasing to ic . tiaxlmum valuas. the moisture lovsls of the fuinact 
are also Increasing, as reflected in the dev point a»asures»ni a of the hygrometer. 
Moreover, the moisture levels of the furnace gases stabilize and start to de** 
crease around the same tln» the first peak concentrations start decreasing. 

More study is needed to not only identify the first peak substance (thought 
to be hydrogen), but also the correlation between this first ;>eak and dew point 
data collected by the hygrometer. 

The Hewlett Packard accessory kit for the H.P. 3390 Integrator was received 
on the seventh of December and sent to the local office for installation. It 
was discovered In December that the HtMphrey solenoid valve was not bubble tight 
and could not be used in conjunction with the gas saiq>llng system for the C.O. . 
Automatic operation of the G.C. analysis portion of the gas enalyzer cannot be 
accomplished without an electrically operated bubble tight solenoid valve. A 
3-way Skinner valve was finally located that would do the job aiul ordered on 
12/21/81. The valve was received on 12/28/81 and scl»duled for installation, along 
with the modified Integrator the first part of January. 

The oxygen analyzer was Installed in the Furnace Gas Analysis System. 

Initial trials indicated that the unit works fine under atmospheric conditions, 
but does not appear to receive sufficient flow of gases from the crystal grower 
when the grower is at normal operating vacuum levels (reduced pressures). Further 
testing Is scheduled for January. 

E. Documentation - Economic Analysis 

The goal of this program is 2.5 kg per hour throughput at 6" diameter for 
150 kg total pulled weight. Previous reports have assumed the pull speed goal 
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had baan achieved and th» resulting three casen shown below mx% ptese^eit 


Case 



CZ A<y-0Q Com: 

$/Kg $/fn^ Mmtt 

1 

Ptillin^x 5 crystals* 

each ^ kg 

21.62 ’ 

0.1525 

2 

Pulling 4 crystals* 

each 37.5 kg 

21.13 

0.1490 

3 

Pulling 3 crystals* 

each 50 

20.66 

0.1457 


In the last quarterly report (July - Septoeber), the average straigite groirth 

rate of 2.5 in/hr achieved to that date was used and the results preseatedi 

CZ Md-Ott <k>st 
$/kg i^'^^sak Watt 

Pulling 3 crystals* each 30 kg 27.56 0.1944 

During this quarter* the achieved rate was increased to 3.0 in /hr aisl tlM results 
are: 

Pulling 5 crystals* each 30 kg 25.51 0.1799 


Table 2 shows the total economic analysis. 

A 7.4Z reduction in cost will result from the latest provui parameters 
over the analysis of last quarter. Also* another 15. 3X reduction in cost will 
result from increasing the throughput from 1.92 kg/hr to tl^ goals of 2.5 i^/hr. 
Some of this li^>rovement is expected during the last three months of this project 

TV program plan 

The revised program plan is updated and shown in Figure 4. 

V a)ST AND DIRECT LABOR DATA 

The total incurred cost and direct labor gr^hs have b^n update! and are slwwn 
in Figures 3 and 6 respectively. 


Costs 


Previous 

Total 

$ 615.764 


Current 

Month 


$ 20*061 


Total 
To Pate 

$ 635*823 

6,483.3 


Man-Hottrs 


5*912.6 


570.7 


TABLE I; GROWTH RUW DATA - PECBWBER. 1981 
PROCESS DATA 
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TABLE 2 


ORMKNAL PA9I IS 
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EOONOMIC ANALYSIS 

CZ ADD-ON GOST BASED ON lOD CG2000 
PROCESS PARAMETERS AS OP DECQfBER, 1981 


CONDITIONS 


Crucible Dloneter (In) 15 

Crystal DlaiMSter (In) 6 

Total Poly Melted (kg) 158 

Total Crystal Pulled (kg) 150 

Avg. Straight Growth Rate (In/hr) 3.0 

Pulled Yield (XI 9A.9 

Yield After C.G. (% of Melt) 83.5 

Individual Crystal Ut. (kg) 30 

Mo. Crystals /Crucible 5 

Cycle Time (hr) 78 


PROCESS CYCLE TIMES 

OPERATION TIME (MINS) 

1. PREPARATION 

Load Poly silicon 
Close Furnace 
Pump Down 

Meltdown 

Subtotal 

2. GROWTH CYCLE (INITIAL) 


20 

10 

20 

150 

200 


Lower Seed 

* 

Stabilize Melt 

60 

Neck Growth 

20 

Crown Growth 

70 

Straight Growth 

470 

Taper End 

60 

Subtotal 

M 

RECHARGE /GROWTH CYCLE (x 4) 


Cool Crystal 

30 

Remove Crystal 

10 

Load Hopper, Vac. Down (x 2) 

60 

Lower Hopper (x 2) 

10 

Thsap and Melt 

125 

Lower Seed 

* 

Stabilize Melt Tell^>. 

60 

Neck Growth 

20 

Crown Growth 

70 

Straight Gr<wth 

470 

Taper End 

60 

Subtotal 

915 


x 4 3660 


21 


nnmiii^i Mag M 

or FOOR gUAUTY 


SHUT DOWN craE 


Cool Ftnrnace 

80 

Reaove Crystal 

*a 

Clean. Set 

60 

Subtotal 

140 


loual Cycle Tine 4^30 ttiaa « 78 luxffe 

* CoBpleted during Melt Stabilisation Tim. 
** Coiq>leted during Furnace Cooling Tim. 


GROWTH RATE PARAMETERS 


Grow Dlaseter (in) 

6.2 

Straight Crystal Wt. (kg) 

27 

Straight Growth Tine Otr) 

7.8 

Avg. Growth Rate (kg/hr) 

3.46 

Wt. Per Unit Length (kg/in) 

1.153 

Avg. Pull Rate (in/hr) 

3.0 


SAMICS/IFEG INPUT DATA AMP COST CALCULATI ON 
INPUT DATA ($1980) 


1. CAPITAL EQUIPMrarr cost lEpn ] s 247,560 


2. FLOOR SPACE [SQFT] 120 


3. ANNUAL DIRECT SALARIES 

Prod. Operator (0.65 nan $$I3,160/yr) 8,554 

Elec. Tech. (0.3 nan 9$16,940/yr) 5,082 

Inepector (r 1 nan @$ll,550/yr) 1,155 

Total {DLABl $ 14,>^1 


4. DIRECT MATERIALS Ueage Saeed on Machine 
Utilization of 85% a 95.5 cyclea/yr 
Crucibles 15" x 12" #$300 ea 28,650 

Seeds ($20/cycle) 1,910 

Dopant ($25/cycle) . 2,388 

Argon (60 ftVhr #$0.04/ft'*) 17,520 

Graphite (3 sets/yr) 26,661 

Materials Total {MATSJ 77,129 


5. UTILITIES 

Electricity #$0.04/KW hr 

Meltdown #100 KU 4,138 

Avg. Grow #75 KW 20,055 


Water #c0.7/ft^ 12,121 


Utilities Total [UTILl $ 36,314 


OWMALPA^^ 
OP POOR QUAU1Y 


IPBC PRK^ 5 X 

30 CRYSTALS 


Cl EQPT X $0.57/yr 

- $BQPT 

$ 141,109 

C2 SQFT X $109/yr 

- $SQFT 

13,080 

C3 DLAB X $2.1/Yt 

• ^)LAB 

31,061 

C4 MATS X $1.2/yr 

« $MATf 

92,555 

C5 UTIL X $1.2/yr 

- $OTI1 

43,577 


TOTAL AMMUAL GOST $ 321,382 


Qu«n (Total x Ylaldl Aftar C.G.) kg 

Add-On Coat $/kg 

Add-On Coat c/pk vatt , 

(asaoilng 1 kg j* 1 m ) 

Machlna Throughput kg /hr 


12.S99 
25. 51 
17.99 

1.92 
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Figure 1 

Melt Temperature Pyrometer 
24 
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OIF TEMPeRATURE SET POINT 



Figure 2 CONTROL CONFIGURATION DURING AUTOMATIC 

OIF TEMFERATURi SETTING 
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1. 2- Milliwatt HeNe Gas Laser 

2. Surface of Silicon Melt 

3. Receiver Lens 

A. Narrow Band Interference Filter 
5. Position-Sensitive Photodetector 


Figure 3 

Melt Level Sensor 
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